We observe nonlinear pulse reshaping of femtosecond pulses propagating in a waveguide array. The reshaping is due to non-linear coupling between waveguides. The output temporal width shows power-dependent pulse shortening.
Waveguide arrays have proven to be an ideal testbed for nonlinear optical waves in discrete systems. Much of the work done on these devices has focused on the effects of the waveguide array on the spatial light distribution. Indeed, many novel spatial phenomena have been demonstrated using a waveguide array including discrete spatial solitons [1] , discrete modulational instability [2] , and optical discrete surface solitons [3] . Part of the waveguide array's versatility stems from the fact that, by simply varying the geometry, one can easily control the coupling between neighboring waveguides.
The dynamics of waveguide arrays can be simply described by way of coupled-mode theory. Using this tool we have made predictions about the pulse shaping induced by the arrays in the time domain [4] , and in the experiment described below we present measurements corroborating this interesting phenomenon. In particular, we investigate the temporal reshaping effects of the waveguide array as a function of peak intensity in the waveguide and find that pulse shortening indeed occurs in the central waveguide due to the nonlinear coupling between waveguides.
The waveguide arrays studied in this experiment consisted of two cladding layers of Al 0.24 Ga 0.76 As and a 1.5 µm thick core layer of Al 0.18 Ga 0.82 As. The array is formed by etching 1 µm tall ridges into the top cladding layer. This process allows for the fabrication of many waveguides with different dimensions in the same chip. The waveguide array used in this experiment consisted of 41 waveguides that were 4 µm wide and 6 µm apart (distance edge to edge between adjacent waveguides). We employed a conventional mode-locked fiber laser in conjunction with a chirped-pulse amplifier (CPA) and a tunable grating compressor to deliver pulses to the waveguide array. The CPA is used to avoid the nonlinearities in the fiber at high intensities. The grating compressor allows pulse width tuning from 2 ps (normal or anomalous) to 200 fs. A half-wave plate and polarizer combination allow for variable power tuning. Using this system, we can deliver a wide range of average powers and pulse widths to the waveguide array.
We began our study of the temporal effects by measuring the autocorrelation of the output pulses in each excited waveguide. As can be seen in Fig. 1 , the waveguide array shows essentially no effect on the low power input (Fig 1a) . However, as the intensity in the central waveguide is increased reshaping starts to occur (Fig 1b) . In the high power case (Fig 1c) , the peak of the input pulse is intense enough to cause self-focusing and keep most of the power in the central waveguide. However, the lower power wings do not self-focus and their energy is coupled to the outer waveguides, thus forming a double peaked pulse in the outer waveguides [5] . Due to the nature of the autocorrelation measurement this shows up as a triple peaked trace.
By virtue of this nonlinear coupling of the wings to the neighboring waveguides, we expect that the pulse in the central waveguide is temporally shorter than the input pulse. Indeed, this is what we observe as we monitor the autocorrelation of the pulse in the central waveguide as the input power is slowly increased (Fig. 2) . A dramatic shortening of a factor of 2 is obtained when the input peak power is increased from around 1 kW to 2.7 kW (see inset of Fig. 2 ). The power-dependent pulse shortening was observed for both normal and anomalous chirped input pulses, thus offering a novel, simple and broadband compression mechanism in an integrated format.
Figure 2
Central waveguide autocorrelation as a function of input power. The output pulse shows a monotonic pulse width decrease as the power is increased.
In conclusion, we have presented the first demonstration of nonlinear pulse shortening in a waveguide array. We believe this phenomenon could have impact in the telecommunications industry for pulse reshaping to reduce bit errors. Emerging technology shows promise for the possibility of fiber coupling the waveguide array device, thus the whole package could simply be spliced into the fiber link. Also, understanding this pulse shortening will aid in designing a possible mode-locked laser based on nonlinear waveguide arrays [4] .
